Modifications of gravity generated by a multiplicative coupling of a scalar field to the electromagnetic Lagrangian lead to a breaking of Einstein equivalence principle (EEPB) as well as to variations of fundamental constants. In these theoretical frameworks, deviations of standard values of the fine structure constant, ∆α/α = φ, and of the cosmic distance duality relation, DL(1+z) −2 /DA = η = 1, where DL and DA are the luminosity and angular diameter distances, respectively, are unequivocally linked. In this paper, we search for cosmological signatures of the EEPB by using angular diameter distance from galaxy clusters, obtained via their Sunyaev-Zeldovich effect (SZE) and X-ray observations, and distance modulus of type Ia supernovae (SNe Ia). The crucial point here is that we take into account the dependence of the SZE/X-ray technique with φ and η. Our new results show no indication of the EEPB.
I. INTRODUCTION
The so-called reciprocity relation, proved long ago by Etherington (1933 Etherington ( , 2007 , is a fundamental result for observational cosmology and its most useful version in the astronomical context, known as cosmic distance duality relation (CDDR), is defined by
which relates the luminosity distance D L with the angular diameter distance D A on the same redshift z. This equation is completely general, only requires that source and observer are connected by null geodesics in a Riemannian spacetime and that the number of photons is conserved (Ellis, 2007) . Recently, Hees, Minazzoli & Larena (2014) investigated cosmological signatures of modifications of gravity generated by a multiplicative coupling of a scalar field to the electromagnetic Lagrangian. These authors showed, via the geometric optics approximation, that in these frameworks photons propagate on null geodesics, but their number is not conserved, violating the Eq. (1). Moreover, this kind of coupling leads to variations of the fine structure constant α, ∆α/α = φ, that is intimately and unequivocally linked to violations of the CDDR, η = 1, by φ(z) = η 2 (z). In this context, there are many hypothetical alternative theories of gravity such as: the low energy action of string theories ( Ia sub-samples which matched this criterion. Then, we take the weighted average of the SNe Ia observational quantities in each sub-sample to perform our analyses. Moreover, since the Union2 compilation provides the distance modulus of SNe Ia, which has a dependence on a cosmological model, and their original and cosmological model-independent data, we perform our analyses by using these two quantities.
The paper is organized as follows. In Section 2, we briefly describe the SNe Ia data (Amanullah et al. 2010 ) and the ADD data (De Filippis et al. 2005) . In Section 3, we describe the methods used in our analyses. In section 4, we perform the analyses. Finally, the discussions and conclusions are given in Section 5. is the rest-frame peak magnitude of B bands, x is stretch factor, describing the effects of shapes of light curves, and c is color parameter, representing the influences of the intrinsic color and reddening by dust on µ(α, β, M B ). These three parameters are cosmological model independent since they are obtained by fitting the light curves of SNe Ia.
- In Fig. (1a) we plot the Union2 sample. In Fig. (1b 
On the other hand, as discussed by Holanda et al. (η −2 in their case, since variations of α were not considered). In this way, we have access to
By using the equation above, we define the distance modulus of a galaxy cluster data as
We evaluate our statistical analysis by defining the likelihood distribution function, Lα exp(−χ −2 /2), where This criterion allows us to have some SNe Ia for each galaxy cluster and so we can perform a weighted average with them in order to minimize the scatter observed on the Hubble diagram (see fig. 1a ). Moreover, if one considers that we live in an universe close to the cosmic concordance model, the criteria ∆z ≤ 0.005 implies an error on the distances lower than 5% for z ≥ 0.1, therefore, the bias on our results from this criterion are contemplated in galaxy clusters errors. (z) are: SZE point sources ±8%, X-ray background ±2%, Galactic N H ≤ ±1%, ±8% kinetic SZ and for CMB anisotropy ≤ ±2%. We have added in quadrature the following systematic errors: SZ calibration ±8%, X-ray flux calibration ±5%, radio halos +3% and X-ray temperature calibration ±7.5%. Following Amanullah et al. (2010) we added a 0.15 systematic error to SNe Ia data.
-Method II: consists of using the very same SNe Ia of the method I, but now considering their raw data, i.e., their m − M B + αx − βc. Here, our main aim is to explore how much the cosmological model adopted in distance modulus influences the results. For this case, the likelihood estimator is written as
where the uncertainty σ 2 total (z i ) is given by In both methods, in order to search deviations of EEP we consider the following functions to η(z) (Holanda, Lima & Ribeiro 2010): η(z) = 1 + η 0 z (P1) and η(z) = 1 + η 0 z/(1 + z) (P2). The first expression is a continuous and smooth one-parameter linear expansion, whereas the second one includes a possible epoch-dependent correction, which avoids the divergence at extremely high-z. Naturally, these functions deforming the CDDR retrieve the equality between the distances for z = 0, since in this case there is no cosmic expansion, i. e., the space is Euclidean. Moreover, as one may see, if the likelihood of η 0 to peak at η 0 = 0 the EEP is satisfied.
The results from the method I are plotted in Fig. (2a) . The red solid line and the dashed black line are from the functions P1 and P2, respectively. The constraints on η 0 parameter are, respectively: η 0 = 0.069 ± 0.106 and η 0 = 0.097 ± 0.152 at 1σ c.l.. As one may see the results are completely equivalent and they show no violation of the CDDR or, equivalently, no indication of EEPB. We plot in Fig. (2b) 
IV. CONCLUSIONS
As it shown recently, modifications of gravity occurring via the presence of a scalar field with a multiplicative coupling to the electromagnetic Lagrangian lead to an explicit Einstein Equivalence Principle breaking (EEPB). In this theoretical framework, variations of the fine structure constant, φ = ∆α/α, and violations of the distance duality, η = 1 (see Eq. 1), are unequivocally linked by φ(z) = η We have searched the EEPB by using two well-known functions to η(z), such as, η(z) = 1+η 0 z (P1) and η(z) = 1+η 0 z/(1+z) (P2). The observational quantities considered were: 25 D 
